rhythms, entrainment mechanisms, and exogenous factors that enable animals to fulfill tasks that are essential for life (Daan and Aschoff 1982) . Advanced monitoring technology shows that circadian organization of activity varies more widely than once thought (Bloch et al. 2013) . Polyphasic activity across the 24-h period, for example, is sometimes associated with foraging cycles that depend on gut filling and emptying rates to take advantage of feeding opportunities (Bloch et al. 2013) .
Researchers have hypothesized that multiple exogenous factors influence activity. Ecological studies often focus on four hypotheses. The prey activity hypothesis proposes that predators synchronize activity with the activity of their prey (Zielinski et al. 1983 ) because active prey are more easily detected (Martel and Dill 2010) . The thermal conservation hypothesis posits that activity corresponds with environmental conditions that favor energy conservation (Thompson and Colgan 1994) , while the mortality risk and competition hypotheses postulate that animals adjust activity to reduce mortality risk (Lima and Bednekoff 1999) and competition for resources (Kronfeld-Schor and Dayan 2003) . Studies focusing on these hypotheses have illuminated our understanding of animal behavior, often by testing hypotheses with environmental data (e.g. temperature and wind) that The relationship between scale and animal behavior has been a central focus of research for decades (Wiens 1989 , Schneider 2001 , Araújo and Rozenfeld 2014 . Many investigations have focused on how resource selection varies across spatial (Johnson et al. 2001 ) and temporal (Godvik et al. 2009 ) scales because selection has profound implications for the fitness of individual animals, higher levels of biological organization (e.g. communities; Kelt et al. 1999) , and ultimately evolution and biological diversity (Morris 2003 , Chase and Knight 2013 , Chave 2013 . Resource selection varies across spatial scales (Johnson 1980) and it is widely recognized that selection studies should use multi-scale analysis frameworks (Hebblewhite et al. 2008, McCann and Moen 2011) , though adoption of these frameworks is incomplete (McGarigal et al. 2016) .
The timing of activity (i.e. movement), like resource selection, is a fundamental aspect of behavior. Two of the most basic questions we ask about animals are: 'when are they active?' and 'what influences activity?'. Ecological studies spanning a diversity of taxonomic groups ranging from butterflies to reptiles and mammals have focused on identifying factors that influence activity (Cederlund 1989 , Cormont et al. 2011 , Newsome et al. 2013 , Sperry et al. 2013 . Activity results from the interaction of endogenous Temporal scaling in analysis of animal activity Nicholas P. McCann, Patrick A. Zollner and Jonathan H. Gilbert (nmccann@glifwc.org) and J. H. Gilbert, Great Lakes Indian Fish and Wildlife Commission, WI, USA. -N. P. M. and P. A. Zollner, Dept of Forestry and Natural Resources, Purdue Univ., IN, USA. Activity is a fundamental aspect of animal behavior, but whether different factors influence activity at different temporal scales is poorly understood as ecologically-relevant multi-temporal-scale (MTS) activity analysis frameworks have not been developed. The hierarchy of limiting factors hypothesis postulates that the scale of resource selection reflects its importance for escaping limiting factors, but the hypothesis has not been tested by studies that examine activity across multiple temporal scales. We hypothesized that a MTS analysis framework would reveal that different factors influence activity at different temporal scales. We studied American martens Martes americana fitted with sensors that measured activity during winter at high temporal resolution. Using a MTS analysis framework, we showed that different factors influenced marten activity across three different biologically based, hierarchically-ordered temporal scales (day, bout, and decision). Mortality risk influenced marten activity at the broader scales examined (day and bout), but not at the finest scale (decision), which is consistent with the hierarchy of limiting factors hypothesis. We also found evidence of cross scale consistency and support of multiple hypotheses at bout and decision scales, suggesting some factors operate across multiple scales and trade-offs occur for some factors (e.g. risk for forage). Prey activity and thermal conservation influenced activity at the finer scales examined, but not at the day-scale, and competition influenced activity only at the bout scale. Marten activity was polyphasic and occurred across the 24-h period, which is probably due to digestive and metabolic constraints. Results from this and other studies indicate that activity is sensitive to temporal scale for a wide range of species. MTS frameworks should lead to a more comprehensive understanding of how different mechanisms influence animal activity, and ultimately, biological fitness.
have clear relationships with prey activity, mortality risk, thermal conservation, and competition (Roche et al. 1999 , Orrock et al. 2004 , Martel and Dill 2010 .
Temporal scale is inherent to the study of activity. Ecological studies often compare seasonal activity levels (Gilbert et al. 2009 , Podolski et al. 2013 ), but three other scales are also commonly studied. Of these, the broadest scale is that of the day (24-h period), which comprises multiple activity bouts (continuous activity periods separated by periods of rest). Day-scale analyses evaluate the correlation between environmental data and the amount of activity in a day (e.g. the number of daily activity bouts; Zalewski 2000) . The second scale is that of the bout itself. Bout-scale analyses assess the relationship between environmental data and activity bout duration (Patterson et al. 1999) . The third and finest scale is that of the decision, when animals choose to forage and explore a specific area (such as a single forest stand). Decision-scale analyses compare nearly-continuous records of activity with environmental data (Podolski et al. 2013) . Each of these temporal scales (day, bout, and decision) fit into broader temporal scales described by Wolkovich et al. (2014) ( Table 1 ) who recognized that animals evaluate, experience, and interact with environments at multiple hierarchically-structured temporal scales ranging from micro (fine temporal grains) to macro (processes over lifespans). The choice to be active fits within this continuum, ranging orders of magnitude from instantaneous actions made by an individual, to the duration of its life, and to the evolution of its species.
A more comprehensive understanding of animal behavior would result from explicitly investigating the relationship between activity and temporal scale because some periods of time are resources that animals select for activity and resource selection is sensitive to scale. Resources are environmental conditions that influence biological fitness (Buskirk and Millspaugh 2006) . Periods of time that influence biological fitness are also resources (Schoener 1974) . Animals increase fitness, for example, by selecting periods of time for activity when mortality risk is low (Lima and Bednekoff 1999) . Examining only one temporal scale is insufficient for developing a comprehensive understanding of activity when factors that influence activity operate at different temporal scales. Thermal conservation, for example, influenced activity of pine martens Martes martes (Zalewski 2000 (Zalewski , 2001 , Eurasian lynx Lynx lynx (Podolski et al. 2013) , and greater horseshoe bats Rhinolophus ferrumequinum (Park et al. 1999) at the day-scale, but not at bout and decision scales (Park and Ransome 2000 , Zalewski 2000 , Podolski et al. 2013 ). This suggests that factors that influence activity at one temporal scale may be overshadowed by other factors at other temporal scales.
Multi-spatial-scale frameworks elucidate underlying structures of resource selection in space (Schaefer and Messier 1995, Singh et al. 2010 ) and multi-temporal-scale (MTS) frameworks may elucidate similar patterns in time. The hierarchy of limiting factors hypothesis postulates that the scale of resource selection reflects its importance for escaping limiting factors (Rettie and Messier 2000, Aronsson et al. 2016 ). According to this hypothesis, selection at larger scales corresponds with more important limiting factors, and a limiting factor dominates until it becomes less important than another factor that dominates at a finer scale. Predation is considered to be the most important limiting factor because its influence on fitness is greater (and more immediate) than that of other factors, such as forage availability (Rettie and Messier 2000, Dussault et al. 2005) . Consistent selection across scales occurs when resources are readily available across scales (e.g. abundant forage; Schaefer and Messier 1995) and when fine-scale and broad-scale selection is correlated (McGreer et al. 2015) . Trade-offs that mitigate limiting factors (e.g. trading risk for forage) can also result in cross scale consistency, and may result in multiple factors being influential at a single scale (Hebblewhite and Merrill 2009, DeCesare et al. 2012) . Hierarchical structuring, cross scale consistency, and trade-offs that are found in the study of space use may also occur in patterns of activity through time. Predation may influence activity at broad temporal scales, while other factors dominate at finer scales. Cross scale consistency and trade-offs may also occur.
It has been impossible to detect influences of temporal scale on activity because ecologically-and behaviorally-relevant MTS frameworks have not been developed. Investigations of activity have improved understanding of how animals interact with their environment, but it is commonplace for activity studies to focus on only a single temporal scale (Zalewski 2001 , Kolbe and Squires 2005 , Eriksen et al. 2011 . Some activity studies have spanned two or three temporal scales (Zalewski 2000 , Podolski et al. 2013 ), but no study has explicitly examined whether factors that influence animal activity vary across temporal scales.
We use a MTS analysis framework to investigate factors that influence winter activity of American martens Martes americana. Martens are excellent research subjects because they live in thermally-challenging environments, compete with other animals for resources, and serve a dual role as both predator and prey. Martens are active during winter despite having a high lower critical temperature (T lc  16°C; Buskirk et al. 1988 ) and they prey on small mammals (Powell et al. 2003) , which may result in resource competition with other carnivores. Martens are also killed by other predators, including fishers Pekania pennanti (McCann et al. 2010) .
We hypothesized that using a MTS analysis framework would reveal that patterns of activity vary across temporal scales, as martens are exposed to multiple factors operating across a range of temporal scales. Specifically, we hypothesized that support for the prey activity, thermal conditions, mortality risk, and competition hypotheses for activity would be scale-dependent when examined at the day, bout, and decision scales. Further, we hypothesized that martens make choices to reduce predation risk at the broadest temporal scales, while their choices related to other limiting factors (thermal conservation and forage) would be made at finer scales.
Material and methods

Study area
We studied marten activity on and near the Great Divide District of the Chequamegon-Nicolet National Forest in northern Wisconsin, USA (described by McCann et al. 2014) . The region has a climate characterized by cold and long winters. The mean temperature was -10°C in January and February during this study, and mean monthly liquid equivalent precipitation was 40 mm (data available online: < www.ncdc.noaa.gov >) resulting in a mean snow depth of 35 cm.
Northern mesic forests containing sugar maple Acer saccharum and aspen Populus tremuloides dominated the study area (Epstein et al. 2002) . Sugar maple stands often included yellow birch Betula alleghaniensis and basswood Tilia americana. White cedar Thuja occidentalis, black spruce Picea mariana, tamarack Larix laricina, red maple A. rubrum, and black ash Fraxinus nigra were common in lowlands. Hemlock Tsuga canadensis was often near or mixed with cedar when land graded toward uplands. Balsam fir Abies balsamea was often scattered within hardwood understories. Common shrubs included hazelnut Corylus spp. and alder Alnus spp.
Capture and handling of martens
We investigated marten activity using transmitter collars containing activity switches. Animal-attached sensors (accelerometers and activity switches) measure behavior at high temporal resolutions and produce results that are comparable to direct observation (Brown et al. 2013 ).
Other methods, such as direct observation (Amano and Katayama 2009 ) and use of locational data (e.g. from global positioning systems collars; Schai-Braun et al. 2012) are impractical for studying most free-ranging animals, can introduce observer bias, and are unable to detect short activity and rest periods (Brown et al. 2013) .
We captured martens between October and February in 2008-2009 and 2009-2010 using box-traps (Tomahawk Live Trap, Hazelhurst, WI, USA, models 106 and 108). We fitted a transmitter collar to each adult marten (model 080, 40 g, Telonics, Mesa, AZ, USA). An activity switch modulated the pulse period of signals from each transmitter collar, resulting in pulse periods that were negatively correlated with activity (Gilbert et al. 2009 ). Capture and handling procedures adhered to use and care guidelines (Purdue animal care and use committee 07-032, Sikes et al. 2011) .
Activity monitoring
We recorded activity of martens (randomly selected from our pool of collared individuals) for one-to two-week periods in December-March 2008 using two activity stations. Each activity station was a data-logging receiver (Model TR5, Telonics, Mesa, AZ, USA) and a 5-element antenna elevated 3 m above the surface of the snow. We placed each station within 2 km of a focal marten and recorded pulse periods from activity switch-modulated transmitter signals, resulting in one activity estimate for each 15-min period. We classified each marten as active or inactive for each period because activity estimates were bimodal (McCann 2011). The inactivity classification corresponded with motionless collared martens that we observed. The active classification corresponded with collared martens that were walking and bounding; activities associated with traveling and hunting. Mustelid locomotor activity is closely linked with foraging behavior (Zielinski 1986 (Zielinski , 2000 . It is unknown, however, if marten activity corresponds with traveling distances.
Environmental data
We tested the prey activity, mortality risk, thermal conservation, and competition hypotheses for animal activity by developing predictions using environmental data (Table 2) . Environmental data were at the same 15-min resolution as activity data. We recorded temperature, wind speed, and wind gust speed (maximum speed) by placing a weather station (HOBO Ò , Onset Computer, Pocasset, MA) on high ground  20 m from the data-logging receiver and antenna. We collected precipitation data from 4 airports that encircled the study area (Hayward, Park Falls, Winter, and Ashland, WI); precipitation equaled one when it was recorded at any of these four airports and otherwise equaled zero (data available online: < www.ncdc.noaa.gov >). Mean daily precipitation at the four airports was correlated with precipitation near the center of our study area during our study (in Clam Lake, WI; R 2  0.77; McCann unpubl.), suggesting that precipitation data we used was similar to precipitation near study animals. We used precipitation data from the four airports because precipitation was recorded each 15 min, while precipitation near the center of our study area was incomplete and was recorded daily, but not at finer scales.
We modeled mortality risk and interspecific competition with activity data from eight fishers (4 F, 4 M) collected during the same seasons, on the same study area, and using the same methods and temporal resolution described above for martens (McCann 2011) . We calculated the probability of fisher activity with respect to time of day from 4660 activity records (2813 from females and 1847 from males) and used it as an independent variable in marten activity models (see below).
Statistical analyses
We modeled marten activity at each of three nested temporal scales that span the meso and micro scales described 2006), where activity equaled 1 when a marten was active for most of a 15-min period and 0 when inactive for most of a 15-min period. We used a 1st order auto-regressive residual covariance structure for all models and grouped data from individuals for LMMs.
We used an information theoretic approach (Burnham and Anderson 2002) to evaluate support for hypotheses of animal activity, and to determine if an underlying hierarchical structure for activity was present (Hebblewhite and Merrill 2009) using biologically based and carefully considered models (Burnham et al. 2011) . We constructed univariate, additive, and two-way and three-way interaction models (containing lower terms) for each temporal scale. We selected best-fitting, parsimonious models based on information criteria (∆AIC c  2 for LMMs and ∆QIC  2 for GEEs; Burnham and Anderson 2002) and used fullmodel averaging to overcome model-selection uncertainty for LMMs (R package available online: < http://CRAN. Rproject.org/package = MuMIn>; Burnham and Anderson 2002) , as averaging greatly reduces bias when the number of variables considered is similar in magnitude to the number of data points (Lukacs et al. 2010) .
We inferred support for a hypothesis of animal activity when selected models that corresponded with a hypothesis (Table 2) had 85% confidence limits that did not bound 0 and activity was correlated with independent variables. Use of 85% confidence limits aligns model selection with parameter evaluation criteria (Arnold 2010 ) and evaluating correlation is effective for assessing a model's merit (Burnham et al. 2011 ).
by Wolkovich et al. (2014) ; the day, bout, and decision scales (Table 1) . We modeled activity as a function of ambient temperature, wind speed, wind gust speed, sex, and time of day. We modeled time of day with two different metrics that account for the circularity of time; sin(time) and cos(time). These factors correspond with hypotheses of animal activity (Table 2 ) but do not rule out other factors (including activity of predators other than fisher) that could have influenced marten activity. Bout-and decision-scale models included covariates for fisher activity (probability of activity for each sex separately, and combined, at each time of day). Sex was a covariate because martens are sexually dimorphic (adult males are  1.5-times larger than females; Powell et al. 2003) , which influences how each sex responds to its environment (Poole and Graf 1996) , while the covariate for time of day was used to elucidate rhythms of activity.
We used linear mixed-effects models fit by maximizing the log-likelihood for day-scale activity analyses (LMMs; R package available online: < http://CRAN.R-project.org/ package = nlme>). We modeled variation in the number of activity bouts (continuous activity periods) per calendar day in response to independent variables averaged across the same 24-h period (e.g. mean temperature for the same day). Bout-scale analyses used LMMs to model activity bout duration in response to independent variables averaged across the bout's duration (e.g. mean temperature during the bout). Decision-scale analyses modeled activity in response to independent variables using generalized estimating equations (GEEs) with a logit link function (Højsgaard et al. (McCann et al. 2010) . Prey activity increases predator detection rates (Fox 1969) . Martens may reduce mortality risk by reducing activity when fishers are active. Positively correlated with wind speed.
Wind decreases detection by predators (Roche et al. 1999 ). Martens may increase activity when it is windy because detection by marten predators is reduced. Prey activity Positively correlated with temperature. Prey activity is positively correlated with temperature (Vickery and Bider 1981) and prey activity increases predator detection (Martel and Dill 2010) . Martens may increase activity when it is warmer because prey availability is greater. Positively correlated with precipitation.
Prey activity is positively correlated with precipitation (Orrock et al. 2004 ) and prey activity increases predator detection rates (Fox 1969 ). Martens may increase activity when it is snowing because detection of marten prey is greater.
Thermal conservation
Negatively correlated with wind speed. Wind increases heat loss via convection (Porter and Gates 1969) . Martens may reduce activity when it is windy to reduce heat loss. Negatively correlated with precipitation.
Precipitation increases heat loss via evaporation (Porter and Gates 1969) . Martens may reduce activity when precipitation occurs to reduce heat loss. Positively correlated with temperature.
Martens may increase activity when it is warm (rather than when it is cold) during winter to reduce heat loss. Energy conservation correlates positively with ambient temperatures  T lc (Buskirk et al. 1988 ) and all ambient temperatures during this study were below marten T lc .
with male fisher activity, and for females increased more than for males during activity peaks that occurred in the late morning and late afternoon (Fig. 2) . We found support for the prey activity and thermal conservation hypotheses at the decision scale. Only the additive model with terms for temperature and cos(time) yielded ∆QIC  2 at the decision scale (Supplementary material Appendix 1, Table A3 ). Confidence limits for temperature We plotted activity (e.g. mean  SE) or calculated a regression coefficient of determination to assess correlation between activity and independent variables (Burnham et al. 2011) . We inferred support for the hierarchy of limiting factors hypothesis when models corresponding with the mortality risk hypothesis (Table 2) were supported only at broader scales. We inferred trade-offs between factors when multiple factors were important at a single scale (Hebblewhite and Merrill 2009) , and cross scale consistency when a factor was relevant at  1 scale (McGreer et al. 2015) .
During preliminary analyses we assessed whether activity bout duration correlated with the number of active bouts in the same day, and whether the probability of male fisher activity (for each 15-min period) correlated with the probability of marten activity bout occurrence (number of active bouts divided by the sum of active and inactive bouts for each 15-min period). We conducted these analyses because the total time of marten activity relates to both bout duration and the number of bouts in a day, and interpretation of bout scale results may be influenced by this relationship. For example, reducing the duration of activity bouts while increasing the number of bouts could result in an equal amount of time spent active. We found, however, that martens did not compensate for shorter activity bouts by increasing the number of activity bouts (linear regression R 2  0.01 for both analyses) and we did not investigate these relationships further.
Results
We captured, radiocollared, and monitored the activity of eight (3 F, 5 M) martens. Two martens (1 F, 1 M) were monitored over two separate periods, and one marten (M) was monitored four times, resulting in 13 monitoring periods. Monitoring periods averaged 65 h (SD  30, n  13) and comprised 3365 15-min samples of activity, resulting in a mean of 105 h of monitoring (SD  62, n  8) per marten. Activity occurred during a mean of 16% of each monitoring period (SD  7%, n  13 periods), and activity and inactivity occurred during all hours of the day and night. The mean number of daily active bouts was 3 (SD  1, n  17 d). Active bouts were a mean of 1.1 h (SD  0.8, n  115 active bouts) and rest bouts were a mean of 4.9 h (SD  4.6, n  110 rest bouts).
Our data supported different hypotheses of animal activity (Table 2) at different temporal scales. Only the mortality risk hypothesis was supported at the day-scale. Five day-scale marten activity models had ∆AIC c  2 (Supplementary material Appendix 1, Table A1 ). Parameter estimate confidence limits did not bound 0 for the interaction model containing sex and wind speed, but did bound 0 for other models (Table 3) . Female martens had more activity bouts on windy days while males did not (Fig. 1) .
At the bout scale we found support for the mortality risk, competition, prey activity, and thermal conservation hypotheses. Eleven bout-scale marten activity models yielded ∆AIC c  2 (Supplementary material Appendix 1, Table A2 ). Parameter estimate confidence limits did not overlap 0 for temperature, male fisher activity, and sex  cos(time), but did so for all other parameters (Table 3) . Bout duration correlated positively with temperature, correlated negatively Table 3 . Estimates (b) with associated standard errors (SE) and 85% confidence limits (CL) for parameters in best-fitting American marten Martes americana activity models at each of three nested temporal scales. * Females scored as 0 and males scored as 1. Figure 1 . Relationship between American marten Martes americana activity and wind speed measured at the day-scale during winter in northern WI, USA. The linear regression trendline for male martens is solid while the trendline for females is dashed. The correlation between wind speed and activity is reduced to R 2  0.64 for females when point (0.29, 6) is removed from analysis.
Discussion
The emerging field of temporal ecology emphasizes the influences of time on system dynamics (Wolkovich et al. 2014 , Maguire et al. 2015 , Davis and Pineda Munoz 2016 . Scale is fundamental to the investigation of animal behavior because biological diversity (Fletcher and Hutto 2008) and ecological processes, including resource selection (Shirk et al. 2014) , movement ecology (Fryxell et al. 2008 , Nathan et al. 2008 , and both population (de Valpine et al. 2010 ) and community dynamics (Sanders et al. 2007 ) vary across scales. We have shown that different factors influence animal activity at different temporal scales. Scale-sensitive support for hypotheses of marten activity indicates that MTS frameworks produce a more comprehensive understanding of activity than single-scale analyses. Different temporal scales are not equally informative and incorrect inferences may result when conducting analyses at temporal scales that do not match the scales at which a factor operates. Marten activity analyses conducted at only the decision scale would have failed to detect influences of mortality and competition that operated at day and bout scales. Conversely, analyses at only the day-scale would have omitted influences of prey availability, thermal conservation, and competition. Much like resource selection in space varies across spatial and temporal scales (Mayor et al. 2009 ), the timing of activity varies by temporal scale, which can only be detected by examining multiple temporal scales.
We found support for the hierarchy of limiting factors hypothesis by examining animal activity at multiple temporal and cos(time) parameter estimates did not bound 0 (Table 3) . Peaks in activity occurring at 6-h intervals were higher at the decision scale when temperatures were warmer (Fig. 3) . mechanisms influence animal activity, and ultimately, biological fitness.
scales. As predicted, mortality risk influenced marten activity at the broader scales examined (day and bout), but not at the finest scale (decision). Increasing day-scale activity when it was windy (which reduces detection by predators; Roche et al. 1999 ) and reducing bout-scale activity when fishers were active would have reduced mortality risk. Behavior at the decision-and finer scales would also influence mortality risk; a marten that pauses while being chased by a fisher, for example, would be killed. Hierarchical scaling of activity, however, would have resulted in fewer fisher encounters because timing of activity at broader scales reduced the probability of fisher encounters at finer scales.
Our findings are broadly consistent with the hierarchy of limiting factors hypothesis, but we also found support for cross scale consistency and trade-offs. Consistent support for the thermal conservation hypothesis, for example, suggests that thermal conditions were influential across both the bout and decision scales. Support of the mortality risk and prey availability hypotheses suggests that martens traded mortality risk for prey availability at the bout scale. Martens increased the likelihood for prey acquisition by hunting when temperatures were warmer, but reduced mortality risk by reducing overlap in activity time with fishers.
Polyphasic marten activity that we observed may result from periodic metabolizing of consumed prey and gut filling and emptying rates during winter when martens are food-stressed. Digestive and metabolic constraints influence activity patterns and can result in polyphasic activity (Halle 2006 , Bloch et al. 2013 . The activity rhythms of food-stressed mustelids correspond closely with foraging opportunity (Zielinski 1986) . Like other mustelids (Brown and Lasiewski 1972 , Gillingham 1984 , Zielinski 2000 , martens have small digestive tracts and small fat reserves which limit the amount of prey they can consume and the time before fat stores are depleted (Buskirk and Harlow 1989) . Our study occurred during winter, when food resources were scarce. Therefore, it is possible that polyphasic marten activity tracked periodic metabolizing of consumed prey and gut filling and emptying rates during a period of food scarcity.
Flexible activity patterns may indicate that martens are adapted to changing daily foraging opportunities. Martens were active throughout the 24-h period in our study, but were either nocturnal (Zielinski et al. 1983, Drew and Bissonette 1997) or diurnal in other studies (Thompson and Colgan 1994; reviewed by Zielinski 2000) . This suggests that activity patterns are flexible and not always associated with daylight. Carnivores that have evolved to exploit changing daily foraging opportunities exhibit patterns of activity that track foraging opportunity, but which do not show consistent responses to daylight (Zielinski 1986) .
Knowledge accrued from decades of studying hierarchically-scaled resource selection can guide MTS investigations of animal activity. While our framework was effective for detecting scale-sensitive activity patterns, other frameworks should be developed. For example, analyses that examine a continuum of spatial scales may unify resource selection studies (Mayor et al. 2007 ) and similar methods that span a continuum of temporal scales could lead to a more comprehensive understanding of animal activity. MTS studies should improve understanding of how different
